To identify tick-borne pathogens in blood samples from 68 dogs were examined for Babesia, Anaplasma/Ehrichia, Mycoplasma, and Hepatozoon spp. by using a molecular tool. The detection of DNA was performed using specific primers for partial 16S rRNA or 18S rRNA sequence, and amplicon sequences were analyzed. Our investigation detected Babesia gibsoni (26 dogs) and Anaplasma sp. AnHl446 (2 dogs), Mycoplasma haemocanis (27 dogs), and an unknown Mycoplasma spp were detected (2 dogs), which was most closely related to Candidatus Mycoplasma turicensis, on the basis of phylogenetic analysis. Hepatozoon DNA could not be detected in this study.
Introduction
Canine tick-borne diseases are an important problem, especially in tropical and subtropical regions. In Asia, tick-borne bacterial or parasitic infections by Babesia, Ehlichia, Anaplasma, Mycoplasma, and Hepatozoon species have been predominantly recognized. These pathogens are transmitted mainly by the Ixodid tick species from the genera Ixodes, Dermacentor, Rhipicephalus, Haemaphysalis, and Ambloymma. In South Asia, tick-borne diseases have been recognized since an early time, for example, Babesia gibsoni was first recognized in India (Patton, 1910) and Hepatozoon canis was first recognized in India (James, 1905) . Although, the incidence of B. gibsoni was reported from Iran (Niak et al., 1973) , there is little information about the current state of infections of dogs in the South Asia region. In Bangladesh, there have been no epidemiological studies regarding the prevalence of these infections among dogs. Using blood samples isolated from various sick dogs in the animal hospital in Dhaka, the capital of Bangladesh, we examined the state of infections of tick-borne diseases in dogs by using a molecular tool.
Materials and Methods
Peripheral blood samples from 68 dogs were randomly obtained from the animal hospital in Dhaka, Bangladesh, between 2009 and 2010. Each 200µl blood sample was fixed on an FTA Nucleic Acid Collection Card (Whatman, UK) and stored at room temperature in the dark. DNA was extracted from the blood on the FTA Cards by using the Whatman FTA Card DNA Isolation Kit (Whatman, UK). Of the 68 dogs, 31 were female and 37 were male. Age ranged from 1 to 6 years (median, 3 years). There were 31 Mongrel dogs and 33 dogs of other breeds (Bulldogs: n=8, German shepherds: n=6, Greyhounds: n=5, Labrador Retrievers: n=5, Spaniels: n=4, Shih Tzu: n=4, and Chinese crested dog: n=1). The breed was not determined for 4 dogs. On physical examination, 7 of these were found to be healthy; 2 were pregnant; 11 were anemic; 17 were lethargic; 13 had dermatitis; and 10 had fever.
The sequences of the primers used to amplify Babesia spp., Anaplasma/Ehrichia spp., Mycoplasma spp., and Hepatozoon spp. are shown in Table 1 . Polymerase chain reaction (PCR) was performed on 25 µl of a mixture containing template DNA, 10 pmol of each primer, 200 µm deoxynucleoside triphosphate (dNTP), and 1.25 units of Taq DNA polymerase (TaKaRa, Shiga, JAPAN). PCR was repeated for 40 cycles with denaturation for 1min at 94°C; annealing at for 1 min at 55°C for Babesia spp. and Anaplasma/Ehrichia spp., 50°C for Mycoplasma spp., and57°C for Hepatozoon spp.; and extension for 1min at 72°C. The PCR product was separated by electrophoresis using a 1.5% agarose gel with TBE buffer, stained with ethidium bromide, and photographed in ultraviolet light. The amplified DNA was purified using a commercial kit (QIAamp purification kit; Qiagen, USA) and sequenced directly (ABI PRISM 310 genetic Analyzer; Applied Biosystems, USA). The sequences were evaluated and edited using Genetyx Version. 10.0 (Genetyx, Co., Tokyo, Japan), and consensus sequences were submitted to a BLAST search (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine the sequence identity in order to find orthologous sequences available in the GenBank database. 
Results and Discussion
Of the 68 dogs, 26(38.2%) were positive for Babesia spp., from the results of PCR. The partial 18S rRNA gene sequences of these positive PCR products were determined using 602bp of the amplified product, excluding the primer region. BLAST analysis revealed that all the samples were 100% identical (602/602) to the sequence of B. gibsoni Asia-2 (GenBank accession no.AF175301). PCR results of 2dogs (2.9%) showed they were positive for Ehlichia/Anaplasma spp. The partial 16S rRNA gene sequences of these positive PCR products were determined using 304bpof the amplified region excluding the primer region. BLAST analysis revealed that both samples were 100% identical to the partial 16S rRNA gene of Anaplasma sp. AnHl446 (GenBank accession no.AF497579). Twenty-nine dogs (42.6%) were positive for Mycoplasma spp., from the PCR results. The partial 16S rRNA gene sequences of these positive PCR products were determined using a 627-bp sequence of the amplicon excluding the primer region. BLAST analysis revealed that the 627-bp samples were 99.5-100% (624-627/627) identical to the sequence of Mycoplasma haemocanis (GenBank accession no.EF416568, EF416567, EF416566), except in the case of 2 samples, which were both 89.6% (562/627) identical to M. haemocanis. The sequence of this strain was similar to that of Candidatus Mycoplasma turicensis (DQ464425, DQ464424) with 98.7% (619/627) identity.
A phylogenetic tree of partial 16S rRNA genes for this unknown Mycoplasma isolate and other Mycoplasma species was constructed using neighbor-jointing analysis in MEGA 5.0 (Tamura et al., 2007) and is shown in Fig. 1 (Table 2) . In this study, vector-borne pathogens were investigated in blood samples of dogs from Bangladesh. The infection rates in dogs with these pathogens, especially with B. gibsoni and M. haemocanis, were extremely high. Canine babesiosis is caused by a protozoan parasite of the genus Babesia, which is distributed worldwide. Two species of Babesia have been traditionally identified as the principal cause of canine babesiosis, Babesia canis, which is large in size, and the small-sized Babesia gibsoni (Boozer and Macintire, 2003) . However, with the development of new molecular methods, more piroplasmid species have been found as canine pathogens. These include the small piroplasms B. gibsoni (Kjemtrup et al., 2000) ; B. conradae (Kjemtrup et al., 2006) ; B. microti-like piroplasm (also referred to as Theileira annae (Camacho, 2006 and Zahker et al., 2000) ; Theileria spp. (Matjila et al., 2008) ; and the large piroplasms B. canis, B. vogeli, B. rossi, and an unidentified large-sized Babesia spp. (Solano-Gallego et al., 2012) . In Asia, B. gibsoni and B. vogeli have been reported. In this study, B. gibsoni identical to B. gibsoni Asia-2 genotype was found to be dominantly distributed in Bangladesh.
M. haemocanis, formerly classified as a Haemobartonella species, has recently been positioned within the genus Mycoplasma by 16S rRNA analysis (Messick et al., 2002) . This is a small, uncultivable, cell wall-lacking group of bacteria that can infect the red blood cells of mammalian species. In dogs, M. haemocanis and Candidatus Mycoplasma haematoparvum have been characterized as pathogens (Messick et al., 2002 and Sykeks et al., 2004) . Infection with M. haemocanis, which is found worldwide, generally induces clinically significant anaemia, particularly in splenectomized or immunocompromised dogs (Inokuma et al., 2006; Novacco et al., 2010 and Ramos et al., 2010) . However, in Asia, detailed epidemiological evidence has not been reported. It is found that M. haemocanis infection is dominant and has a high infection rate among dogs in Bangladesh. In addition, an unknown Mycoplasma sp. was detected in 2 dogs; this species is most closely related to Candidatus Mycoplasma turicensis, a bacterium that has been detected in cats worldwide (Willi et al., 2005 and Willi et al., 2006) . In this study, we analyzed only the partial sequences of the 16S rRNA gene of the agent from these 2 dogs. To confirm the results of this study, pathogens from more dogs should be analyzed and compared to longer sequences of the 16S rRNA gene of this agent. Two dogs infected with Anaplasma spp. The sequences demonstrated a nucleotide identity of 100% with the 16S rDNA gene of Anaplasma sp. AnH1446, which was obtained from Haemaphysalis lagrangei ticks collected from a bear in Thailand (Parola et al., 2003) . This Anaplasma sp. AnHl446 is genetically similar to A. bovis (99.6%) and A. phagocytophilum (96.5%), and in the phylogenetic tree, this strain was thought to be contained in an A. bovis group (Parola et al., 2003) . Although Sakamoto et al., (2010) has demonstrated A. bovis DNA in the peripheral blood of dogs, there are no reports demonstrating that the Anaplasma sp. AnHl1446 exhibits pathogenicity against animals or humans. Of the two infected dogs, one was infected with both B. gibsoni and M. haemocanis. This dog was in poor health. The other dog was infected with B. gibsoni, and its only clinical signs was dermatitis. It was not possible to determine whether this Anaplasma infection is associated with clinical pathogenicity.
In Bangladesh, more than a dozen of tick species have been recorded in domestic animals. The common species infesting dogs in Bangladesh have been reported as Boophilus microplus, Amblyomma variegatum, Rhipicephalus sanguineus, and Haemaphysalis bispinosa (Ghosh et al., 2007) . These ticks can act as a vector for Babesia, Mycoplasma, and Anaplasma spp. It is possible that this is a cause of concurrent infections.
Conclusion
In conclusion, our molecular study revealed high infection rates of tick-borne diseases in dogs living in Dhaka, Bangladesh. Detailed studies to correctly identify the exact vector tick are required.
